Background: Economic disadvantage is associated with depression and suicide. We sought to determine whether economic disadvantage reduces the effectiveness of depression treatments received in primary care. Methods: We conducted differential-effects analyses of the Prevention of Suicide in Primary Care Elderly: Collaborative Trial, a primary-care-based randomized, controlled trial for late-life depression and suicidal ideation conducted between 1999 and 2001, which included 514 patients with major depression or clinically significant minor depression. Results: The intervention effect, defined as change in depressive symptoms from baseline, was stronger among persons reporting financial strain at baseline (differential effect size = −4.5 Hamilton Depression Rating Scale points across the study period [95% confidence interval = −8.6 to −0.3]). We found similar evidence for effect modification by neighborhood poverty, although the intervention effect weakened after the initial 4 months of the trial for participants residing in poor neighborhoods. There was no evidence of substantial differences in the effectiveness of the intervention on suicidal ideation and depression remission by economic disadvantage. Conclusions: Economic conditions moderated the effectiveness of primary-care-based treatment for late-life depression. Financially strained individuals benefited more from the intervention; we speculate this was because of the enhanced treatment management protocol, which led to a greater improvement in the care received by these persons. People living in poor neighborhoods experienced only temporary benefit from the intervention. Thus, multiple aspects of economic disadvantage affect depression treatment outcomes; additional work is needed to understand the underlying mechanisms. (Epidemiology 2013;24: 14-22) 
that existed before treatment rather than differences in treatment effectiveness. In addition, underserved groups (including people with lower incomes) may be less likely to receive depression treatment or, if treated, they may receive inadequate or lower quality treatment for their depression. [6] [7] [8] [9] A randomized, controlled trial is the most rigorous design for causal inference and the strongest design with which to investigate differential effects of treatments because it removes the confounding effects of differential access to treatment and minimizes variation across participants in treatment regimens compared with observational designs. We therefore conducted an investigation of the impact of economic disadvantage on the effectiveness of an intervention for late-life depression among attendees of primary care practices-the settings in which a substantial portion of depression treatment is provided and where there is greater risk of receiving inadequate treatment. [10] [11] [12] [13] 
METHODS

Sample
Prevention of Suicide in Primary Care Elderly: Collaborative Trial (PROSPECT; Clinicaltrials.gov identifier NCT00279682) was a primary-care-based intervention that reduced depressive symptoms and suicidal ideation throughout its 24-month duration [14] [15] [16] [17] and conferred a survival advantage that persisted beyond the study's end date. 18 Twenty primary care practices in the metropolitan areas of New York City, Philadelphia, and Pittsburgh were randomized to intervention or usual-care arms between 1999 and 2001. 16 The practices were selected to be diverse with respect to type (eg, academic vs. non-academic) and patient composition. 19 The study was approved by the institutional review boards at participating sites, and all participants gave written informed consent.
Patients of age 60 years and older and who had a Mini-Mental State Examination score ≥18 were eligible for enrollment into the study. The trial targeted patients with scores >20 on the Center for Epidemiologic Studies Depression scale, or with a history of depression or depression treatment, and also enrolled patients without depression. The participation rate was 66% of all eligible patients, resulting in a total sample size of 1,226, of whom 599 had major or clinically significant minor depression. In all, 599 participants (320 in intervention practices, and 279 in usual-care practices) were in the target population of the intervention (ie, those with major or clinically significant minor depression at enrollment) and thus eligible for the current study. 17 We excluded 85 (14%) participants owing to incomplete data on baseline covariates, and therefore include 514 in the current study (269 in intervention practices and 245 in usual-care practices). These persons provided 2368 observations obtained at baseline and during five follow-up research visits over the course of the trial: 514 at enrollment, 424 at 4 months, 394 at 8 months, 350 at 12 months, 348 at 18 months, and 338 at 24 months (66% of participants).
The intervention addressed two components of depression care: physician knowledge and treatment management. 14, 16 In practices randomized to the intervention arm, a depression care manager worked with patients and providers to ensure guideline-based provision of depression treatment (eg, treatment with citalopram or interpersonal psychotherapy) and follow-up care throughout the study period. The care managers monitored patients' depressive symptoms, treatment adherence, and side effects and provided follow-up care as needed. In practices randomized to the usual-care arm, participants' physicians received educational materials regarding late-life depression, written notices of depression diagnoses made at baseline or during follow-up research visits, and contacts made by the investigators when the study personnel detected a significant suicide risk.
Measures
Depressive symptoms were assessed at each research visit using the Hamilton Depression Rating Scale, with higher scores indicating more severe depressive symptoms. 20 In addition to analyzing mean Hamilton Depression Rating Scale scores over the study period, we investigated remission of depressive symptoms, defined as scoring ≤7. 21 Suicidal ideation at each visit was assessed using both the Hamilton Depression Rating Scale and the Scale for Suicidal Ideation. 22 Suicidal ideation was coded as present based on a score ≥1 on either the Scale for Suicidal Ideation or the suicide item of the Hamilton Depression Rating Scale.
The primary social determinant of differential treatment response was participants' financial strain at enrollment (defined as participant response of "Can't make ends meet" to a question about current financial situation). Financial strain reflects a person's income relative to their needs. In a prior observational analysis of data from this intervention trial, financial strain was the factor that most strongly predicted depressive symptoms and suicidal ideation in the full study sample, irrespective of treatment condition. 23 In addition, we considered neighborhood poverty as a potential determinant of treatment response. It was defined as living in a high-(>40%), medium-(20%-40%), or low-(<20%) poverty census tract; the differential-effects analyses combined participants in high-and medium-poverty census tracts. 24 We geocoded participants' address to the US 2000 decennial census-tract codes, from which we were able to determine the poverty rate in each participant's neighborhood. Baseline control variables included educational attainment (college education vs. less than college), race-ethnicity (white vs. non-white), sex, age (60-75 vs. 75+ years), study site (Pittsburgh, Philadelphia, or New York), and the Charlson Comorbidity Index-a measure of participant medical burden. 25
Statistical Analysis
Differential treatment outcomes are assessed by conducting tests of statistical interaction between hypothesized moderators of treatment outcomes and intervention status. 26, 27 Because the intervention effect on change in outcomes during follow-up in this trial is determined by the interaction between intervention status and time, 14, 16, 17 the differential treatment effect is evaluated by the three-way interaction among social factors at baseline, intervention status, and time (eg, financial strain × intervention × time).
We used mixed-effects regression models to evaluate differential intervention effects on mean levels of depressive symptoms (using linear regression) and the likelihood of suicidal ideation and depression remission (using logistic regression). Analyses of depressive symptoms and suicidal ideation included all six research visits, whereas the analyses of remission included postbaseline visits only. Subject-specific intercepts were included to account for within-subject variability in treatment outcomes over the course of the study. 16 Random effects for primary care practices were not necessary, given that the within-practice correlations of depression and suicidal ideation were negligible (eg, 0.01-0.02). 16 The linear random effects models were fitted using PROC MIXED, and the logistic random effects models were fitted using PROC GLIMMIX (using maximum likelihood estimation with adaptive quadrature), in SAS v9.2 (SAS Institute, Cary, NC).
First, we conducted descriptive analyses of the social determinants of treatment effectiveness. For each end point, we calculated treatment outcomes (means for Hamilton Depression Rating Scale scores, proportions for suicidal ideation and depression remission) across visits in the intervention and usual-care arms of the trial separately for participants with and without financial strain at baseline, and again, separately for participants who resided in medium or high-vs. low-poverty census tracts.
Next, we determined the best-fitting model for trends in depressive symptoms over the 2-year study period. The trial was not originally designed to detect differential treatment effects, and therefore we considered it advantageous, in terms of increased statistical power, to use the most parsimonious approach possible. We evaluated a "saturated" model that included terms representing the mean response at each visit in both treatment arms (in addition to baseline control variables) and reduced-form models with fewer parameters. In the saturated model, the (dichotomous) baseline covariate × intervention × time interaction term involves five coefficients, requiring five degrees of freedom (one for each postbaseline assessment). A reduced model would yield a more powerful test of the baseline covariate × intervention × time interaction. 28 For example, if mean Hamilton Depression Rating Scale scores declined in a linear fashion over the course of the trial, then only a linear term for time would be required, and the baseline covariate × intervention × time interaction would reduce to a single coefficient and a more powerful, one degree-of-freedom test.
The best-fitting model for Hamilton Depression Rating Scale scores over the course of the trial was a piecewise linear model with a knot at month 4 (eTable 3, http://links.lww. com/EDE/A622). This model divides the study period into two parts and fits a linear trend within each part. This is consistent with descriptive analyses in which levels of depressive symptoms and suicidal ideation declined most sharply in the initial months of the trial, and then declined in a linear, though less steep fashion, during the remaining months. For example, in the analyses involving financial strain, the parameters in the model include two terms for the effects of time in the study (representing the period between baseline and month 4, and the period between months 4 and 24), intervention status, financial strain at baseline, and all two-way and three-way interaction terms between time, intervention status, and financial strain (the parameterization of this model is shown in the eAppendix, http://links.lww.com/EDE/A622). The test for a differential treatment effect is given by a joint test of the significance of the two coefficients of the three-way interactions involving time, intervention status, and financial strain.
Finally, we conducted analyses to determine whether the findings were robust to biases caused by participant attrition. We explored the distributions of baseline covariates among study participants present and missing at each follow-up visit, fitted a logistic mixed-effects model predicting attrition during the study period to assess associations between baseline measures and nonparticipation, and reanalyzed the data using two statistical techniques to account for participant attrition: inverse-probability weighting and multiple imputation (see eTable 5 for further details, http://links.lww.com/EDE/A622).
RESULTS
The demographic characteristics of participants in the analysis sample at baseline are shown in Table 1 , separately for the intervention and usual-care arms of the trial. Overall, 13% of participants (n = 66) reported financial strain at enrollment into the study (12% in the intervention arm and 14% in the usual-care arm). Participants reporting financial strain had higher mean Hamilton Depression Rating Scale scores (19.2 [SD = 6.2] vs. 17.7 [5.9] ) and a higher likelihood of suicidal ideation (55% vs. 37%). Financial strain was reported by 12% of participants at the conclusion of the study and its distribution was almost the same as at baseline. Table 2 presents the intervention effect on mean Hamilton Depression Rating Scale scores for those with and without financial strain and for those residing in medium-/high-and low-poverty census tracts. The intervention effect is given by the difference between the change from baseline in the intervention arm and the change from baseline in the usual-care arm. The final column of Table 2 presents the differential effect of the intervention (ie, the intervention effect for those with financial strain minus the intervention effect for those without financial strain).
The unadjusted patterns of mean Hamilton Depression Rating Scale scores during the trial suggest that the intervention was more effective among participants entering the trial under conditions of financial strain. This is shown by differential effects <0, indicating more pronounced changes from baseline in the group with financial strain. For example, between baseline and 4 months, the intervention was associated with a mean reduction of 5.9 points in score among those with financial strain (95% confidence interval [CI] = −11.0 to −0.8), compared with a mean reduction of 2.9 points among those without financial strain (−4.8 to −0.9). The difference between these two estimates (last column of Table 2 ) is −3.1 (95% CI = −8.5 to 2.4). At months 8, 12, 18, and 24, the differential effects were −4.3, −6.0, −6.1, and −2.9, respectively. Averaged across postbaseline visits, the differential intervention effect at baseline was −4.5 Hamilton Depression Rating Scale points (95% CI = −8.6 to −0.3).
Analyses involving census-tract poverty (lower part of Table 2 ) reveal a different pattern. Differential effects were essentially zero in the initial follow-up visits, indicating equal effectiveness of the intervention across groups irrespective of the level of census-tract poverty, whereas effects trended toward positive values by the end of the trial. The estimate of the differential intervention effect at month 24 was 3.6 points (95% CI = −0.6 to 7.8). The differential effect averaged across all postbaseline assessments was small (0.9 [−2.1 to 3.9]). Patterns of differences in the effectiveness of the intervention on the likelihood of suicidal ideation according to financial strain were generally consistent with the patterns for Hamilton Depression Rating Scale scores; however, the CIs surrounding these estimates were very wide, limiting the conclusions that could be drawn (eTable 1, http://links.lww. com/EDE/A622). There were no discernable patterns of differences in the effectiveness of the intervention on the likelihood of suicidal ideation according to census-tract poverty (eTable 1, http://links.lww.com/EDE/A622), or on the likelihood of depression remission according to financial strain or census-tract poverty (eTable 2, http://links.lww.com/EDE/ A622).
There were two statistically significant differential effects at the α = 0.05 level, in both the analyses of mean Hamilton Depression Rating Scale scores: financial strain (P = 0.022) and census-tract poverty (P = 0.003) (eTable 6, http://links.lww.com/EDE/A622). The latter test would also meet a more stringent significance threshold accounting for the six interaction tests conducted (0.05/6 = 0.008). To interpret the interactions, we used the coefficients from the regression models to generate plots of mean changes in Hamilton Depression Rating Scale scores from baseline, according to study arm and financial strain (Figure 1 ) or census-tract poverty ( Figure 2 ) (see eTable 5 for the coefficients and 95% CIs of the three-way interaction terms, http://links.lww.com/EDE/ A622). The results for financial strain demonstrate more pronounced effects of the intervention on Hamilton Depression Rating Scale scores in the financial strain group (Figure 1 ). This is seen by the larger separation between the lines for the intervention and usual-care arms of the trial among participants reporting financial strain at baseline.
The results of the differential-effects analysis involving census-tract poverty, presented in Figure 2 , are different from those involving financial strain. Viewing just the results at 4 months, there were no differences in the intervention effects between participants according to their level of census-tract poverty. For participants residing in medium-or high-poverty census tracts, the intervention effect did not persist beyond 4 months. In contrast, the trial led to a continued reduction of depressive symptoms among participants residing in lowpoverty census tracts.
We used sensitivity analyses to assess whether the findings were robust to missing data at baseline and nonparticipation in the follow-up assessments. eFigure 1 (http://links.lww.com/EDE/A622) depicts the distribution of nine baseline covariates among participants present and absent at each visit. In general, the distributions of baseline covariates did not differ by participants' presence or absence at each visit. In a logistic mixed-effects model predicting missingness during the study period, there were no detectable effects of baseline covariates (eTable 4, http://links.lww.com/ EDE/A622). Finally, we refitted the models for differential The intervention effect is defined as the intervention minus usual care difference in the change in Hamilton Depression Rating Scale score from baseline. b Differential effect is defined as the intervention effect in the less advantaged group minus the intervention effect in the more advantaged group. Differential effects <0 indicate greater reductions (from baseline) in Hamilton Depression Rating Scale scores in the less advantaged group than in the more advantaged group. effects involving financial strain and census-tract poverty in Hamilton Depression Rating Scale scores using inverseprobability weighting and multiple imputation (eTable 5, http://links.lww.com/EDE/A622). The regression coefficients for the three-way interaction terms from the analyses using all available data presented above and from the two sets of sensitivity analyses were similar, with CIs that covered a similar range. 
DISCUSSION
We hypothesized that a primary-care-based intervention for late-life depression would be less effective among economically disadvantaged people. This hypothesis was based on evidence from observational studies indicating substantial social inequalities in treatment outcomes for major depression. 2 Our results support this hypothesis in part-in the analyses involving census-tract poverty. We found that the intervention effect attenuated after the initial 4 months of the trial among participants residing in poor neighborhoods. In contrast, in the analyses involving financial strain, the intervention effect was larger in the more socially disadvantaged group. These results are based on tests of the statistical interactions between hypothesized moderators of treatment and intervention status. 26, 29 
Limitations
The trial was not designed to detect subgroup differences. 30 In particular, the wide CIs surrounding the estimates of differential treatment effects on suicidal ideation and depression remission limit our ability to draw inferences regarding those outcomes. Owing to sample-size limitations, our study was also unable to test interactions involving financial strain and census-tract poverty simultaneously. Attrition over the course of the trial may have affected our analyses in several respects. Diminishing numbers of participants over the study period could have biased the results if dropout was nonrandom. The longitudinal mixed-effects models used all observed data, but cannot overcome the problem of systematic differences in dropout rates that are attributable to unobserved factors. In supplemental analyses, neither financial strain nor census-tract poverty was an important predictor of participation in follow-up assessments (eTable 4, http://links.lww.com/ EDE/A622). Accounting for attrition using inverse-probability weights and using multiple imputation did not change our results. However, these methods do not address biases attributable to attrition caused by unmeasured factors.
Our analyses of differential intervention effects involving financial strain were based on participants' subjective valuations of their economic circumstances rather than actual financial resources. Prior studies have demonstrated robust associations between perceptions of financial strain and both mental and physical health among older adults. 31, 32 Additional work is needed to establish the validity of self-reported financial strain, and in particular to examine whether such reports are influenced by mental health problems. Related to this, work is needed to understand what mechanisms operate at the neighborhood level to underlie associations between neighborhood socioeconomic indicators (here, census-tract poverty) and mental health. 33 Finally, although the intervention effects reported in the full study sample can be interpreted as causal effects, interpretation of interactions with intervention status merits caution. Our results suggest that financial strain and census-tract poverty may indicate subgroups that vary in their responsiveness to a primary-care-based intervention for depression. However, the extent to which our results can sustain inferences regarding interventions targeting financial strain or census-tract poverty in addition to depression are contingent on our ability to control for potential confounders. 34 Our analyses controlled for baseline demographic variables and baseline medical burden, but cannot exclude confounding by other factors.
Consistency with Existing Evidence
There is substantial evidence that the social determinants of depression observed in epidemiologic samples are associated with worse depression outcomes among people in treatment. However, much of this evidence does not separate preexisting depression severity from differential treatment outcomes. For example, Cohen et al 1, 35, 36 have reported a relatively unfavorable course of depression treatment outcomes among older adults residing in lower income census tracts, and data from primary care clinics demonstrate social inequalities in the receipt of depression treatment, adequacy of depression treatment, and outcomes of depression treatment. 10, 12, [37] [38] [39] [40] Friedman et al 2 reported that lower educational attainment and minority race/ethnicity were associated with worsened depression during the course of antidepressant treatment. And, as discussed above, evidence based on data from primary care clinics demonstrates social disparities in the receipt of depression treatment, adequacy of depression treatment, and outcomes of depression treatment. 10, 12, [37] [38] [39] [40] Bao et al 41 previously investigated education and race differences associated with outcomes of the PROSPECT intervention. They reported that less educated people benefited more from the intervention at the final 2-year assessment. Our analyses, controlling for both of these factors, identified economic conditions as significant modifiers of the intervention, consistent with the demonstrated importance of economic conditions to the mental health of older adults. 42 Aside from this trial, there are few studies that have addressed the issue of inequalities in treatment outcomes in the context of a randomized, controlled trial, [43] [44] [45] which provides the strongest design for determining whether treatments for depression work equally well for all groups. For example, Areán et al 46 investigated the relative effectiveness of a primary-care-based intervention for late-life depression according to income and reported that all income groups benefited equally from the intervention. They also reported similar intervention effects for all racial/ethnic groups. 47 Their study was of a shorter duration than this one (12 vs. 24 months), and randomized individual patients rather than primary care practices. The summary of existing evidence is therefore that observational studies demonstrate marked disparities in depression treatment outcomes, whereas results from experimental studies are less consistent. In this study, the PROSPECT intervention was associated with reduced depressive symptoms for all groups, but to a somewhat weaker degree and for a shorter duration among persons experiencing neighborhood-level economic disadvantage.
Importance of Investigating Differential Treatment Outcomes
We endorse arguments for investigating which groups are most (and least) likely to benefit from treatment. 27, 48 Even though this clinical trial was not designed to detect differential treatment effects, it provided a unique opportunity in which to investigate such differences, given its diverse sample and primary care setting. To be sure, waiting until the analysis stage to initiate such investigations is not the optimal strategy for investigating moderators of treatment. 26 Randomizing participants within social strata, and enrolling a sufficient number of participants within each stratum to detect differences between them, would yield more definitive results. In addition, enhanced procedures tailored to the populations under study might be needed to maintain participation throughout the trial across groups. 49 The use of stratified designs in randomized trials of psychiatric treatments is challenging, in that prognostic factors for treatment outcomes are not as well established as in other specialties (eg, cardiovascular disease 50, 51 ). For stratification to improve power, the stratification factors should have strong effects on treatment outcomes. 52 Approaches adopted in other areas of medicine, such as multivariable risk stratification, 50 may be particularly useful for identifying groups of people who vary in their expected benefit from treatment on the basis of a wide range of potential prognostic factors (eg, multiple aspects of social disadvantage).
Conclusions
The nature of the differential intervention effects varied between the two economic factors studied. The PROSPECT intervention was more effective among participants reporting financial strain at baseline. The magnitude of this differential effect was clinically important-approximately five points on the Hamilton Depression Rating Scale (eg, approximately twice the size of the effect considered clinically significant, and usually observed, in treatment studies 53 ). We speculate that financially strained people might have benefited more from the intervention because the study provided them with the kind of high-quality depression treatments not previously available from their primary care providers. Thus, the observed differential effects may reflect the positive impact of ongoing treatment management that entails aiding clinicians in following treatment guidelines, monitoring patients' side effects, and enhancing adherence to depression treatments. At the same time, we observed that for people residing in medium-and high-poverty census tracts, the intervention effect weakened over time. This finding could reflect the effects of neighborhood-level stressors on depressive symptoms that, in the long run, outweighed initial gains in mood brought on by antidepressant therapies. 33 The public health, and particularly mental health, impact of adverse economic conditions is increasingly recognized. 54 In this study, we have shown that this impact potentially extends to the effectiveness of clinical interventions for depression. We identified financial strain and neighborhood poverty as two economic factors that had contrasting effects on depression treatment outcomes. More work is needed to understand the mechanisms by which these and other aspects of social and economic disadvantage moderate treatment outcomes and to determine the viability of directly intervening on these factors in future treatment studies.
